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FILTER CIRCUITRY FOR VOLTAGE CONTROLLED OSCILLATOR 

BACKGROUN D THF INVENTION 

1 Field of the Invention 

The present invention relates to voltage controlled oscillators (VCOs), such as those 
used in phase lock loops (PLLs), and in particular, to filter circuits used to filter control 
voltages for controlling voltage controlled capacitances in VCOs. 



2 Description of the Related Art 

All radio transceiver systems require the use of one, though usually more, internal 
signal source, such as an oscillator, for generating the one or more internal signals needed for 
frequency converting, modulating or demodulating outgoing and incoming communication 

1 5 signals. More often than not, particularly in modern radio transceivers, such internal signal 
sources are implemented as frequency synthesizers using PLL circuits. As is well known in 
the art, PLL circuits generally include an oscillator circuit that generates the desired output 
signal This output signal is fed back and compared to some form of internal reference 
signal, such as that generated by a crystal controlled oscillator. This comparison process can 

20 be in the form of a phase or frequency comparison of the two signals. As a result of this 
comparison, a control signal is generated and filtered for controlling the oscillator that 
provides the actual output signal. Most PLL circuits are digital PLL circuits, which means 
that this control signal requires significant filtering prior to its use in controlling the 
oscillator. 

25 Performance requirements of modern radio transceiver systems continue to become 

increasingly stringent. As a result, phase noise and frequency stability performance 
characteristics of the PLL circuit become increasingly significant in determining the overall 
performance of the transceiver system. Generally, it is the VCO that is primarily responsible 
for determining, and often limiting, these performance criteria. In modern systems, this 

30 problem is made worse by the fact that it is generally necessary to implement the VCO within 
a monolithic integrated circuit (IC) to achieve low power consumption and low cost for 
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tranS ce,vers such as .hose used in cellular telephones and other forms ofwire.es, dara 

appi n;i::;w,, hi n,hee„— tM *~**-*-*™~ 

pre senrs man, changes due ,o many different and conflict perfo— r.,en, such 
5 base noise, ou.pu, frequenc, range, input tuning voltage range, output s.gn I p we and 
Lput stgna, frequenc, changes due to either ioad variat.ons or power supp , — 
When ioad variations cause the output signa, frequency to change, „ ,s cons.dered to he 
pulled" with respect ,0 its desired va,ue, whereas when power suppl, vanauons cau e the 
jZtgnai frequency to change, i,, S co„s,dered,ohe..pushe,.wi,hrespect to ,,sdes,red 

10 Purther contpiicating the prohients of imp.emen.mg an integrated VCO is the fact that 

imp ,e ra en,ations of passive components in an IC are s.gnif.can,,, limited in terms of the, 
Z «y nd Per— tolerances. Hence, the abiluy of a designer to isolate an mtegrated 

15 components avai.ab.e ,„ an IC as are typicaiiy needed for implement apptopnate filter 

conttoi vohage for controlhng a VCO, pariicu.ariy within a monohthic ,C environment ,s 
: IlLaUy unaffected hy the typica, .imitations associated with the pass.ve components 
20 available in such an IC environment 

SJJIyalMYmTmiHYEiqTION 

,„ accordance with the present invention, .he controlling circu,. eiemen. of a voltage 
25 con.ro.led oscilla.or (VCO) for use in a phase ,o* loop (PLL) is a vohage controlled 

pachance (varaCor, connected between .he .ermmals used , convey the power sup,, 
vohage and .he frequenc, con.ro, vohage The loop f.I.er, .mplemented ,n a shu 
onfigurafion a. .he inpu. of .he VCO, is a.so connected be,ween the power suppl and 
C cy control voltage terminals. As a res* an, variations in .he power supply vo , e 
3 „ !lara.bo,hterm,na,sof,evat.c,ordue,o,hevo,.agecoup,inge ff ec.of,he,oopf,,.er 

between the shared power suppl, and frequenc, control voltage termmals 
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P05121 f .Present invention, a filter circuit for 

ln accordance with one embodiment o - ^ ^ , power supply 

.ermina., a eon.ro, terminal and ahun, « J relative „ . refer e„ee potenfal. Tire 

control terminal conveys a control voltage fcr ^ supp , y v0 „ age 

« po,e*l, *e eon.ro, voltage ha * ^ ^ The 

sh un, filter circuitry, connected between 

control voltage o(the presro , invention, also included ,s 

ln accordance with another and co „,ro. ternrinals, that in 

™nected between the power supply c uch varactor 

varactor circuitry, connected d capacltance . Such 

. rcf erence terminal that estates the £~ ^ ^ ^ , Q (he conlro 

beW een the power supply, ^ s(gnal Such oscillator circuitry can tnclude 

volrage generates a volrage ^ ^ ^ suppl a „d 

bl as and reaonan, circuitry. The ^ — v0 „ age , grates a h,as signal. The 
20 reference terminals, in response ,o the power upp ^ rrference 

tem ,nal, control terminal and bras -a-*. <> ^ ^ can inclu de 

===== i=r--rt.~ 

transistor. 
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Figure l is a schematic chagram of 

Hg .urn and loop 

Figure 1 
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FlgUre • aV CO and loop 

~ L -..»— r£= 

•.v, , pt 1 in accordance wu 
filter circuit with a PLL m 



thesiz erl0a includes a VCO 12a, 

, flUer ,4 charge pump 16 and W- crrcur. a ^ ^ sig „ al V o 3 

11 W „h convent-, technics, fire VCOW ^ ^ % ^ „ to a 
accordance w Bv comparing the trequ indicates 

. . current from us ouiy^ 
^ 'n't a control, or tuning, voltage Vtune ^ ^ ^ ^ ,„ 

lhe !oop W • « fflter conf , g ura.ton. meant g ^ 

The loop filter H' sa h ,,, is connected between the com 

letm inal Typically* loop «» ' 



20 ac 
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« connected in «"« w cl paci»»« s 

edl ocon« t oi^voi«*«"* iodes0l , D1 

* .cda**"'*"** 01 ' W , , 2M „„ec«dviaconP« " 

CJ l0 create a' s , gna \ Von h appe ac at 

M wo o*"' P t m interconneote" as a dfl* , de d by 

*" e W =e«*« ,ra " S,SW cl*entesP«-= teSe 

w . if have parage d^des ithit ,^ theS . . diodeS Dpl, 

problem. Accorf^' 
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9 ^erWhavo**^ 

. tte po«e. suppH' s . nmrre „tdrai"°«* ef " vcc for the VCO « »• thes e 
*eVCO>* convent* « 

tii2vw* oUttn ,. Av a ntageof the x , rr in this 

vottage VPS cut[6 „, n He ^ „ ode ,„« 

«~ 1 *" ^U—***' ^ D 2p i aa.eh»h^°^ sWass ed«o 

because of ^ 
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„ CUD for purposes of RF signals with a bypass capacitor C5 Therefore, tins 

the power supply line. accordance with one 

a— ofrhepre^i— — ^ charge puorp f 6 an, 

---"—err 

shun, eom.ee.™ of. he loop filter , terminal instead of circuit ground GNTX As a 

ca .h„de and anode .ermtnals .he o ^ ^ ^ ^ ^ 

— of .he VCO o.pu.^ e » ^ ^ „ and the 

0 power supply voltage VCC term. as . g necessary 

The charge pu m p .6 remains capable of sourcmg or stn g a « ^ 
t0 sufficiently charge or discharge .he loop filter capaoors C C4 

— rrrss si-*- 

RefernngtoF lg ure5,maccorcla thpVC0 12C and loop filter 14 discussed 

invention, a fluency synthesizer 1 ,0 C can be tmplemented us.ng a VCO 
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ins ,ead of d.odes, alternative vanab.e capacitance circuitry is used For example instead of 

diodes, insulated gate field effect transistors (IGFETs), such as MOSFETs, can 

we „ Known .mplementation whereby the drain and source terminals are .nterconn c e, 

.hereby creattng a variable capacitance by v.rtue of the gate being msulated from the 

rul chine, formed between the drain and source ternuna, A s 

between the gate terminal and the common drain and source term.nah of the trans, or M3 

of d,ode structure. As in the case of the circuits using diodes, the paras,,, d.ode Dp created 

nature of the circuit and the RF grounding provided by a bypass capac.tor C5 

Vanons other modifications and alterations in the structure and metho ofoperat.cn 
of , his invenfion wiU be apparent to those sh.lled in the a. without departing from .he scope 
d spirt, of the invention. Although the invention has been descnbed ,n connection w„h 
c ,c preferred embod.ments, ., should he understood tha, the .nvention as c.a,med should 
„ duly fimited to snob spec.fic embodiments. ,, is intended tha, the follow.ng cla.ms 
defile the scope of the present invenfion and tha, secures and methods wtthm the scope of 
these claims and their equivalents be covered thereby. 
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